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 Abstract
Objective: We propose and validate a computer—aided system to measure three different mandibular indexes: 
cortical width, panoramic mandibular index and, mandibular alveolar bone resorption index. 
Study Design: Repeatability and reproducibility of the measurements are analyzed and compared to the manual 
estimation of the same indexes. 
Results: The proposed computerized system exhibits superior repeatability and reproducibility rates compared to 
standard manual methods. Moreover, the time required to perform the measurements using the proposed method 
is negligible compared to perform the measurements manually. 
Conclusions: We have proposed a very user friendly computerized method to measure three different morphomet-
ric mandibular indexes. From the results we can conclude that the system provides a practical manner to perform 
these measurements. It does not require an expert examiner and does not take more than 16 seconds per analysis. 
Thus, it may be suitable to diagnose osteoporosis using dental panoramic radiographs.
Key words: Osteoporosis, panoramic mandibular index, cortical width, mandibular alveolar bone resorption 
index.
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Introduction
Osteoporosis is a systemic bone disease characterized 
by reduction in bone mass and micro-architectural de-
terioration of bone tissue. Osteoporosis is the main dis-
ease of middle age women, especially menopausal ones. 
It affects to more than 75 million people in Europe, Ja-
pan and the United States. Spain has one of the highest 
incidences in Europe since there are more than 2.5 mil-
lions of affected woman. Further, 40% of these women 
are not diagnosed yet (1). Although mass bone and cal-
cium metabolism alterations are evident in the premen-
opausal period, the menopause stresses the beginning 
of bone loss. It is prolonged until life’s end and it is the 
main cause of bone fractures in older age women (2,3). 
The Spanish Association Against Osteoporosis (AE-
COS) estimates an annual hip fracture rate of 60.000 in 
Spain. Further, the annual rate in the European Union is 
expected to increase from 414.000 to 972.000 affected 
people within the next 50 years. Preventive measures 
and an early diagnose may help decreasing these rates 
significantly (4). The early onset of osteoporosis can 
be detected by decreased density of normal bone. The 
most widely used technique of bone density testing is 
dual energy X-ray absorptiometry (DXA) (5) consisting 
of two x-ray beams with differing energy levels aimed 
at the patient’s bones. Bone density data is interpret-
ed in comparison with what is considered normal for 
a healthy young person. In this way, the bone density 
tests calculate the person’s T-score. Then, it is compared 
against optimal bone density and expressed as number 
of standard deviations below the average. Finally, ac-
cording to World Health Organization criteria (6), a T-
score greater than 1 is considered normal. A T-score of 
less than -2.5 is indicative of osteoporosis and a T-score 
ranging from -1 to -2.5 is considered as a condition of 
osteopenia (the precursor of osteoporosis).
Recent studies indicate the possibility of assessing the 
bone mineral density (DMO) analyzing the mandibular 
bone mineral density (7). In addition, some authors re-
late osteoporosis to the mandibular residual ridge resorp-
tion, periodontal bone loss and tooth loss (8,9). These 
studies assess and correlate the osteoporosis diagnose 
with the radiographic results in panoramic radiographs 
(ortopantomographs, OPG) and periapical radiographs. 
Further, they highlight the relevance of the dentist in the 
early onset of this disease. The main dental panoramic 
radiography measures for the osteoporosis diagnose are: 
cortical width (CW), also known as mandibular corti-
cal thickness (MTC) (10), panoramic mandibular index 
(PMI) (11) and, mandibular alveolar bone resorption in-
dex (MM ratio) (12); see (Fig. 1). However, the validity 
of these indexes and related ones such as mandibular 
angle (13) and the visual morphology of the cortical (14) 
is under review. Moreover, the precise measurement of 
these indexes, in terms of repeatability and reproduc-
ibility, on dental panoramic radiographs is not practical 
Fig. 1. Main measures are defined as: a = Cortical width (CW); a/b= panoramic mandibular 
index (PMI); d/c= mandibular alveolar bone resorption index (MM ratio).
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and is complicated in clinical dental practice (14-16). 
These indexes have been widely used in the literature 
to evaluate the DMO and, thus, to diagnose osteoporo-
sis. Further, considering the orthopantomography is a 
common practice in dental clinics most authors pro-
pose using dental radiography measurements for the 
early diagnose of osteoporosis. That is, they use these 
measurements to advise patients to detailed studies of 
their bone pathology. For instance, Horner K & Devlin 
H (7) in 1998 conclude that the DMO assessed by DXA 
is significantly correlated with DMO measurements us-
ing MTC and PMI in panoramic radiographs. Further, 
in 2002, the same authors use measurements of cortical 
thickness at the dental mandibular foramen (mandibular 
index, MI), antegonion (antegonial index, AI) and go-
nion (gonial index, GI) regions to conclude that only MI 
contributed significantly to a diagnosis of low skeletal 
DMO (17). White SC et al. (18) in 2005, use MTC and 
visual cortex analysis described in Klemetti et al. (14) 
to conclude that both indexes are useful for indentify-
ing subjects having low bone mass. Arifin AZ et al. (19) 
in 2006, present a computer-aided method to estimate 
MTC in digital radiographs and to assess the DMO of 
the patients. Taguchi et al. (20) in 2006, use MTC and 
the visual cortex analysis combined with a risk factors 
survey (the osteoporosis self-assessment tool) given to 
150 patients to conclude that dentists have sufficient 
clinical and radiographic information to advise women 
(younger than 65 years old) to undergo a bone densi-
tometry analysis. In another study, in 2007, Taguchi 
et al. (21) use MTC and the visual cortex analysis to 
conclude that postmenopausal women with mandibular 
distortions usually have low DMO or even osteoporosis. 
More recently, Vlasiadis et al. (22) in 2008, use mental 
panoramic radiography indexes as a simple method in 
the diagnose of osteoporosis. They conclude that there 
is a relationship between spinal BMD, mandibular cor-
tical width and Klemetti visual cortex analysis.
Therefore, given the difficulty associated to the meas-
urement of mental panoramic radiography indexes we 
propose a computer-aided system to compute these 
measures exhibiting, at least, the same efficiency than 
manual (current) estimation.  Hence, the purpose of this 
study is validating the benefits of estimating the meas-
ures using the proposed system in front of the manual 
method. That is, we aim to prove the usefulness of us-
ing a computer-aided system to estimate morphometric 
measures in orthopantomography.
Subject and Methods
Ten panoramic radiographs from 10 different subjects 
are randomly selected from a set of 200 radiographs 
taken at the University Dental Clinic, University of 
Barcelona. The subset of radiographs is analyzed by 10 
different examiners. They are dentists with more than 3 
years of clinical experience. All of them took a 1 hour 
theory-and-practice course to learn the manual and 
computer-aided measurement procedures.
Measures to evaluate:
Three different measures are evaluated: cortical width 
(CW), panoramic mandibular index (PMI) and, man-
dibular alveolar bone resorption index (MM ratio) (Fig. 
1). Manual measurement of these indexes is carried out 
drawing lines parallel to the long axis of the mandible 
and tangential to the inferior border of the mandible. 
Further, a line perpendicular to this tangent intersect-
ing the inferior margin of the mental foramen is drawn. 
Measurements are taken along this perpendicular line 
as shown in (Fig. 1). If the mental foramen is visible on 
both sides of the mandible the measurements are aver-
aged. That is, the mean value of the indexes is consid-
ered. Although this is a simple process to estimate the 
measurements it is not practical providing high inter-
observer variations. That is, measurements provided by 
different dentists are different. 
Computer-aided measurement system:
In this section, the proposed algorithm for estimating 
morphometric mandibular indexes is introduced. The 
algorithm is based on the knowledge of several points 
manually annotated in the image (Fig. 2). These points 
define the upper and lower border of the mandible, the 
inferior margin and the center of the mental foramen, 
and the cortical width. Thus, the tedious problem of lo-
cating the mandibular axis and measuring distances in 
a printed orthopantomography is reduced to select nine 
points in a digital image. 
Based on these points the algorithm draws support lines 
to estimate the morphometric mandibular indexes. In 
this way, the upper and lower borders are modeled using 
second order curves (parabolas). Using these parabolic 
models has two main advantages: its simplicity since 
only three adjustable coefficients are required, and its 
physical plausibility since the border of the mandible 
can be reasonably approximately by a parabolic func-
tion in the image plane (Fig. 2). The coefficients of these 
models are fixed based on input points (Pmu and Pml 
respectively) in a least square sense. That is, the co-
efficients of each curve minimize the sum of squared 
residuals. Residuals are defined as the shortest Euclid-
ian distance between each input point and the resulting 
curve.
Given the lower border of the mandible and the point 
defining the inferior margin of the mental foramen Pfl, 
the support line ℓÞ passing perpendicular to the border 
and through Pfl is drawn. This line defines the short-
est distance between the inferior margin of the foramen 
and the lower border of the mandible. Then, the slope 
of the mandibular axis is uniquely defined by the line 
ℓß tangent to the lower mandibular border at xo, the in-
tersection point between ℓÞ and the lower mandibular 
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border (Fig. 2). Derivatives of the curve are taken and 
evaluated at xo to derive the slope of ℓß. Then, the slope 
of ℓÞ is obtained since these two lines are perpendicu-
lar. Robustness against inferior foramen margin defini-
tion is achieved by selecting multiple points defining the 
inferior margin of the mental foramen. In this case, the 
algorithm selects the point corresponding to the mini-
mum distance.
At this point, cortical width (C) is estimated along ℓÞ 
using Pcw, the cortical width point. This point locates 
the intersection between the inferior mandibular cortex 
and ℓÞ. Furthermore, the panoramic mandibular index 
(PMI) is computed as the ratio of the thickness of the 
inferior mandibular cortex in the mental region over the 
distance between the lower border of the mandible and 
the inferior margin of the mental foramen. This index is 
also computed along ℓÞ using Pcw. 
The remaining is estimating the M/M ratio. This is done 
extending ℓÞ to intersect the upper border of the mandi-
ble as shown in (Fig. 2). Measures are taken along this 
line between mandible borders and the lower border and 
Pfc, the center of the mental foramen. If more than one 
point is selected to define the center of the foramen their 
centroid is used to compute the measure. 
All the measures used to compute the indexes are given 
in pixels. Nevertheless, the output of the algorithm is 
given in millimeters using two conversion ratios: distor-
tion ratio and pixel to millimeter ratio. The former refers 
to the distortion introduced in the imaging process. The 
latter refers to the distance of the mandible covered by 
each pixel in the image. These ratios are device depend-
ent. The distortion ratio must be introduced manually 
whereas the pixel to millimeter ratio can be estimated 
by comparing manually measured distances in a printed 
orthopantomography against the number of pixels in the 
corresponding image.
Finally, the algorithm for computing the morphometric 
mandibular indexes is summarized as follows: 1) Per-
form algorithm calibration if required. 2) Load and dis-
play the region of interest of an orthopantomography. 3) 
Select at least three points defining the upper border of 
the mandible (Pmu). 4) Select at least three points defin-
ing the lower border of the mandible (Pml). 5) Select at 
least one point defining the inferior margin of the men-
tal foramen (Pfl). 6) Select at least one point defining the 
center of the mental foramen (Pfc). 7) Select the point 
(Pcw) along the line ℓÞ to define the mandibular inferior 
cortical width. This line is tangent to the lower mandi-
Fig. 2A. The algorithm is based on nine points manually labelled in each image. Pmu: points 
defining the upper mandibular border. Pml: points defining the lower mandibular border. Pfc: 
the center of the foramen. Pfl: inferior margin of the foramen. Pcw: points defining the cortical 
width. 2B. Second order curves (parabolas) are used to model the upper and lower borders of the 
mandible. These curves can reasonably approximate the real shape of the mandible based on at 
least three points. 2C. Support lines are drawn to define the slope and position of the mandibular 
axis. 2D. Different support lines are drawn automatically based on user input. ℓÞ is extended 
to intersect the upper border of the mandible. All the indices are measured along this extension 
line. Cortical width is defined by a, Panoramic mandibular index is a/b and the M/M ratio is 
d/c.
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ble border and passes through the inferior foramen mar-
gin. 8) Save the results if required. 
Methodology:
Three different measurements sets are carried out by 
each examiner in each orthopantomography with ten 
minutes break between measurements. OPG are ran-
domly selected at each measurement round. This proc-
ess is repeated using the manual and computer-aided 
measurement methods. Further, half examiners perform 
the manual method first and then, the computerized 
one. Half examiners perform the computerized method 
first and then the manual one.  Hence, the measurement 
process for each OPG is summarized as follows:
1) Manual method: 30 measurements per orthopanto-
mography. Each examiner measures 3 times each OPG 
following the manual method as described in Benson 
BW et al. (11) and Klemetti E & Kolmakow S (14), (Fig. 
1).
2) Computer-aided method: 30 measurements per ortho-
pantomography. Each examiner measures 3 times each 
OPG using the proposed computer-aided system.
Measurements obtained using the manual procedure are 
written by the examiner at the end of the three rounds 
and subsequently an external user introduces these val-
ues into a database. Measurements obtained using the 
computerized method are stored directly into the data-
base. The output of the system is an excel file for each 
OPG exhibiting the different measurements taken by 
each examiner.
Statistical Analysis:
Repeatability and reproducibility are used to analyze 
the results in terms of inter- and intra-examiner agree-
ment respectively. Repeatability refers to the vari-
ability of the measurements obtained by one examiner 
(observer) while measuring the same data repeatedly. 
Reproducibility is the variability of the measurement 
system caused by differences in the observer behavior. 
These measures are estimated through the precision of 
the measurements expressed as the variance of multi-
ple measurements by a single person. Furthermore, the 
range of reliability of the measurements is analyzed us-
ing the 95% confidence interval. In addition, average 
time required to estimate the indexes using both meth-
ods (manual and computer-aided) is considered. Finally, 
pair-wise comparisons between manual and computer 
aided measurements are computed by Wilcoxon signifi-
cance test (23).
Results
Repeatability of the measures is analyzed measuring 
the agreement achieved when one user measures the 
same in different orthopantomographs. (Table 1) lists 
the differences per user for each index. Furthermore, 
the distributions of errors (differences) for all the users 
are shown in (Fig. 3A, 3B and 3C), for the three indexes 
respectively. As shown, the variability using the pro-
posed system is lower than manually computing each 
index. That is, differences between the same user meas-
urements are lower when the examiner takes the benefit 
of the computer aided system.
Reproducibility of the measurements is analyzed using 
the average measurements per user. Given an ortho-
pantomography, the average value per user is estimated 
using the differences between each user measurement 
Computer aided Manual 
CW PMI M/M CW PMI M/M 
User 1 ±0.2922 ±0.0187 ±0.2552 ±0.5724 ±0.0546 ±0.1864 
User 2 ±0.5678 ±00449 ±0.4819 ±0.6806 ±0.0769 ±0.3505 
User 3 ±0.5471 ±0.0431 ±0.3497 ±0.7131 ±0.1136 ±0.5537 
User 4 ±0.4907 ±0.0414 ±0.4777 ±0.8830 ±0.2561 ±0.4900 
User 5 ±0.2530 ±0.235 ±0.3541 ±0.7955 ±0.0911 ±0.4323 
User 6 ±0.2479 ±0.0173 ±0.2240 ±0.7051 ±0.1126 ±0.5016 
User 7 ±0.5304 ±0.0425 ±0.3993 ±0.8165 ±0.0910 ±0.5617 
User 8 ±0.5158 ±0.0408 ±0.4799 ±0.8095 ±0.1179 ±0.5182 
User 9 ±0.3218 ±0.0229 ±0.3180 ±0.8095 ±0.1024 ±0.5531 
  User 10 ±0.5499 ±0.0470 ±0.3945 ±0.7665 ±0.1057 ±0.4774 
Table 1. User variability.
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over the average measurement from all the users. Each 
user measurement is computed as the average value of 
all trials. As a result, the summary of values listed in 
(Table 1, 2, 3). 
Furthermore, three error distributions are obtained, one 
for each index (Fig. 3). The summary of statistics over 
these distributions and the Wilcoxon significance test 
are listed in (Table 4). From these results, we can con-
clude that our computer-aided system outperforms the 
manual procedure in terms of reproducibility (23). Time 
required for computing the indexes is analyzed. Aver-
age time per analysis is listed in (Table 5). 
As shown, the average time per orthopantomography 
using the computer aided system is 16 seconds. How-
Fig. 3A. Per user cortical width variability. 3B. Per user panoramic index variability. 3C. Per user M/M ratio vari-
ability. 3D. Distribution of errors when different examiners measure the same orthopantomography (OPG). 3E. 
Distribution of errors when different examiners measure the same OPG. 3F.  Distribution of errors when different 
examiners measure the same OPG.
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Left
Computer aided Manual 
CW PMI M/M CW PMI M/M 
1 6.663±0.24 0.426±0.01 2.482±0.26 6.067±0.61 0.438±0.24 2.037±0.37 
2 4.677±0.19 0.423±0.01 2.714±0.13 5.400±1.31 0.444±0.13 2.287±0.69 
3 4.778±0.22 0.387±0.02 1.809±0.04 5.533±0.79 0.379±0.10 2.021±0.36 
4 4.653±0.22 0.478±0.02 3.648±0.32 5.300±0.85 0.382±0.09 2.288±0.48 
5 4.657±0.18 0.454±0.03 3.267±0.42 4.867±0.53 0.292±0.05 2.049±0.44 
6 5.662±0.15 0.400±0.01 1.782±0.10 6.233±0.74 0.319±0.11 1.868±0.35 
7 4.972±0.29 0.256±0.01 1.461±0.08 5.200±0.93 0.422±0.08 2.136±0.36 
8 6.747±0.19 0.470±0.02 2.487±0.19 7.133±0.71 0.348±0.12 1.774±0.26 
9 5.635±0.19 0.365±0.01 2.564±0.11 6.667±0.35 0.307±0.05 1.995±0.38 
10 5.415±0.34 0.388±0.01 2.268±0.21 5.100±0.80 0.367±0.62 2.156±0.43 
Table 2. User measurement variability for the left side of each orthopantomography.
Right
Computer aided Manual 
CW PMI M/M CW PMI M/M 
1 5.621±0.47 0.393±0.02 1.835±0.21 6.133±0.71 0.367±0.06 2.148±0.40 
2 4.716±0.12 0.456±0.01 2.029±0.29 5.867±0.57 0.399±0.15 2.132±0.33 
3 2.465±1.38 0.212±0.12 1.343±0.75 5.400±0.64 0.221±0.20 1.119±0.98 
4 4.828±0.19 0.529±0.01 2.029±0.29 5.400±0.83 0.393±0.09 2.098±0.43 
5 4.735±0.15 0.496±0.04 2.087±0.26 4.333±0.35 0.437±0.09 2.215±0.46 
6 5.501±0.24 0.415±0.01 1.263±0.13 5.967±1.24 0.450±0.17 1.754±0.55 
7 5.127±0.24 0.284±0.01 1.909±0.19 5.067±0.94 0.382±0.14 1.806±0.30 
8 6.557±0.36 0.446±0.02 1.648±0.19 5.800±0.69 0.366±0.07 1.665±0.26 
9 5.826±0.28 0.334±0.05 1.766±0.66 6.167±0.91 0.357±0.10 1.781±0.61 
10 5.332±0.31 0.333±0.02 1.553±0.26 4.967±0.33 0.330±0.04 1.708±0.55 
Table 3. User measurement variability for the right side of each orthopantomography.
index Computer Aided Manual 
Wilcoxon
test
CW ±0.2194 ±0.7605 1 
PMI ±0.0174 ±0.1093 1 
M/M ratio ±0.2076 ±0.4070 1 
Table 4. Standard deviation of errors when different examiners 
measure the same orthopantomography.  The third column lists 
the Wilcoxon significance test for the reproducibility experiment. 
A positive value (1) indicates that the computer aided system out-
performs the manual process.
Average
time
Standard 
deviation
Computer-aided 16,08s. ±7.45s.
Manual 156,66s. ±45,95s.
Table 5. Average time required to measure all three indexes 
in a single orthopantomography using the manual and the pro-
posed computer-aided methods.
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ever, the average time required to perform the same 
analysis manually is higher than 2 minutes. Hence, we 
can conclude than using the computer aided method 
reduces significantly the required time per analysis. 
Therefore, the computer-aided method also reduces the 
user fatigue and, consequently, improves the long term 
accuracy of the analysis.
Discussion
There are a number of works using photodensitomet-
ric analysis to diagnose osteoporosis. For instance, Na-
kamoto T et al. (24) in 2008, perform gray level analysis 
in OPG to identify patients with osteoporosis. Jonasson 
G et al. (25) in 2001, predict the skeletal DMO using a 
photodensitometric measurement of the bone mass of 
the mandible, the trabecular pattern of the alveolar bone 
and its interdental thickness. Other authors define a cri-
terion to classify trabecular patterns as dense, heteroge-
neous or sparse (26,27). They conclude that the visual 
assessment of the trabecular pattern in OPG can be used 
to identify patients having osteopenia or osteoporosis.
Regarding manual measurements in dental panoramic 
authors compare manual and computerized methods to 
estimate the cortical width. As a result, they conclude 
that both systems are highly correlated although they do 
not specify the system used. However, results regarding 
time or degree of difficulty are not provided (19). 
The proposed computer-aided system is user friendly and 
does not require two much time to estimate the meas-
ures. Further, given an ortopantomograph, it is highly 
repetitive for a given examiner. In addition, given the 
low examiner fatigue produced, intraexaminer calibra-
tion using the repeatability index proposed by Landis 
JR & Koch GG (28) is feasible. Furthermore, there are 
not errors associated with the annotation process since 
it is done automatically. That is, the system provides 
an excel file as output with all the measurements per 
ortopantomograph. Finally, the precision of the compu-
ter-aided method in the measurements in front of the 
manual one must be highlighted. Example measures for 
a single orthopantomography are listed in (Table 6). As 
shown, measuring the cortical width manually leads to 
rough measures. However, using the computer–aided 
system provides higher accuracy reducing the propaga-
Computer aided  Manual  
Right Left Right Left 
CW PMI M/M CW PMI M/M CW PMI M/M CW PMI M/M 
User 1 4,97 0.37 2,07 6,14 0,40 2,27 5 0.33 1.94 5 0.42 2.05 
User 2 4,23 0.32 2,56 6,69 0,41 2,34 4 0.27 1.45 6 0.32 1.40 
User 3 5,76 0.40 2,02 6,41 0,42 2,39 5 0.34 2.34 6 0.43 2.59 
User 4 5,36 0.37 1,78 6,42 0,42 2,25 5 0.36 2.80 7 0.23 2.24 
User 5 6,11 0.41 1,31 6,80 0,43 2,25 5 0.43 0.90 5 0.27 0.98 
User 6 5,71 0.39 2,32 6,60 0,42 2,36 5 0.42 1.80 5 0.30 1.89 
User 7 5,84 0.40 1,61 6,68 0,41 2,63 6 0.43 0.40 4 0.17 2.34 
User 8 5,61 0.38 1,34 6,41 0,38 2,25 5 0.33 1.70 4 0.26 2.65 
User 9 6,32 0.42 1,28 7,62 0,47 2,29 5 0.28 1.10 4 0.33 1.29 
User 10 6,18 0.42 2,63 6,40 0,41 2,46 5 0.51 0.80 4 0.21 2.30 
Table 6. Example measures for a given orthopantomography using both methods: computer-aided and manual.
radiographs, there are only a few works addressing 
them using a computerized system. Arifin AZ et al. (19) 
in 2006, use a computer-aided method in digital radio-
graphs to estimate MTC. The system relies on image 
enhancement techniques to measure MTC. However, 
since the margins of the cortex are not always clearly de-
fined the system requires manual assistance to perform 
its task. Further, the variability of the measurements is 
highly influenced by the expertise of examiners. These 
tion of errors. On the contrary, there are different dif-
ficulties associated to the manual measurement method 
such as specific illumination, magnification, examiner 
calibration as proposed in Ledgertod et al. (29) or sys-
tematic measurements as proposed by Karayianni et al. 
(30). Further, the manual procedure is vulnerable to er-
rors when annotating registered measures. 
Conclusions
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We have proposed a very user friendly computerized 
method to measure three different morphometric man-
dibular indexes: cortical width, panoramic mandibular 
index and mandibular alveolar bone resorption index. 
The proposed method exhibits superior repeatability 
and reproducibility rates compared to standard manual 
methods. Moreover, the time required to perform the 
measurements using the proposed method is negligible 
compared to perform the measurements manually. From 
the results we can conclude that the system provides a 
practical manner to perform these measurements. It 
does not require an expert examiner and does not take 
more than 16 seconds per analysis. Thus, it may be suit-
able to diagnose osteoporosis using dental panoramic 
radiographs.
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